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Description 

METHOD FOR EMPLOYING MEMORY 
WITH DEFECTIVE SECTIONS 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The invention relates to a method for using a memory, 
and more particularly to a method for using a memory 
having defective sections in an electronic device. 

[0003] 2. Description of the Prior Art 

[0004] Electronic devices for network communication purpose, 
such as switches, routers, or the like, employ memory as 
packet buffers for buffering packets in transmission. A 
packet buffer is usually segmented into sub-blocks, 
where these sub-blocks are designated as "pages". In or- 
der to manage the pages of the packet buffer, a data 
structure termed as a "linked list" and usually maintained 
in a separate memory block called a "header table", is 
conventionally utilized. Conceptually, a linked list contains 



entries, wherein eacli entry is associated witli one page of 
the packet buffer. Thus, an entry of the linl<ed list usually 
comprises a pointer to the current page, as well as a 
pointer to the entry of the linked list associated with the 
next page. In such a way, the pages of the packet buffer 
are "linked" by using the linked list. 

[0005] For simplicity of explanation, please refer to Fig.l show- 
ing a linked list with 8 entries. As shown in Fig.l, the 
linked list with 8 entries includes a first pointer field cor- 
responding to the pointers to the current page of an asso- 
ciated packet buffer (not shown), and a second pointer 
field corresponding to the entry associated with the next 
page. Take Entry 4 as an example; it is shown in Fig.l that 
the first pointer of Entry 4 corresponds to a current page 
(Page 4) of the packet buffer, and the second pointer of 
Entry 4 corresponds to the entry associated with the next 
page, which is Entry 5 in this case. This same manner of 
association can be seen for each entry of the linked list. 

[0006] It is therefore clear by the nature of a linked list that if 

there exists any defects in any of the pages of the packet 
buffer or in any of the sections of the header table storing 
entries of the linked list, the electronic device will have 
trouble performing originally designed function. In other 



words, it is not desirable to have defective memory bloclcs 

employed as the packet buffer or the header table in an 

electronic device. 
Summary of Invention 

[0007] It js therefore one of the many objectives of the claimed 
invention to provide a method for using a memory associ- 
ated with a linked list and having defective sections in an 
electronic device. 

[0008] According to the claimed invention, a method for forming 
a linked list with defective memory in an electronic device 
is disclosed. The method comprises the steps of: per- 
forming at least a built-in self test (BIST) on a memory of 
the electronic device; and forming or updating the linked 
list of the electronic device according to at least a result of 
the BIST; whereby the linked list of the electronic device 
does not correspond to any defective memory sections. 

[0009] One of the many advantages of the claimed invention is 
the ability to use defective memory to provide the func- 
tion of a linked list. Given this ability, manufacturers will 
be able to increase the yield of usable memory for every 
batch of memory fabricated. As a result, efficiency should 
increase and costs decrease. 

[0010] These and other objectives of the claimed invention will 



no doubt become obvious to those of ordinary sl<ill in tlie 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0011] Fig.l is a structural diagram of a linked list. 

[0012] Fig. 2 is a diagram of an electronic device using memory 
associated with a linked list and having defective sections 
according to an embodiment of the present invention. 

[0013] Fig. 3 is a flowchart of the method employed by the elec- 
tronic device in Fig. 2 when the test result memory is not 
present. 

[0014] Fig. 4 is a diagram of a linked list, updated after a defec- 
tive section in the header table is found. 

[0015] Fig. 5 is a diagram of the linked list, updated after a defec- 
tive page in the packet buffer is found. 

[0016] Fig. 6 is a flowchart of the method employed by the elec- 
tronic device in Fig. 2 when the test result memory is 

present. 
Detailed Description 

[0017] Please refer to Fig. 2. Fig. 2 is a diagram of an electronic 
device 10 using memory associated with a linked list and 



having defective sections according to an embodiment of 
tlie present invention. In tiiis embodiment, tlie electronic 
device 10 comprises a header table 20 for storing the 
linked list, a packet buffer 30 that has pages correspond- 
ing to entries in the linked list, and a processor 50 cou- 
pled to the memories for manipulating the memories. Op- 
tionally, the electronic device 10 may further comprise a 
test result memory 40 for recording the results of a built- 
in self test (BIST). 

[0018] The electronic device 10 can be embodied by but not lim- 
ited to a switch, a router, or the like. The header table 20 
as well as the packet buffer 30 can be embodied by but 
not limited to SRAM memory. The test result memory 40 
can be embodied by but not limited to registers. The em- 
bodiments of these parts are merely to serve as examples 
and are not meant to act as limitations. In this written de- 
scription, the specification will refer to the parts of the in- 
vention by their given examples. 

[0019] Please refer to Fig. 3. Fig. 3 is a flowchart of the method 
employed by the electronic device in Fig. 2 when the test 
result memory 40 is not present according to one embod- 
iment of the present invention. Please note that the 
method shown in the flowchart of Fig. 3 usually occurs af- 



ter the switch 10 has been turned on. This, however, 
should not be tal<en as a limitation. As for details con- 
cerning the built-in self test (BIST), please refer to "a pro- 
grammable BIST core for embedded DRAM", by Huang et. 
al.,IEEE Design and Test Magazine, Jan-Mar 1999, which is 
incorporated by reference herein. 

[0020] Step 100:Linked List Formation. The switch 10 forms a 
linked list. In this embodiment, all sections in the header 
table 20 are used. 

[0021] Step 110:Header table BIST. The switch 10 performs a BIST 
on the header table 20. The purpose of the BIST is to de- 
termine which sections of the header table 20 are defec- 
tive. 

[0022] Step 120:Dynamic Update. The switch 10 dynamically up- 
dates the linked list as Step 110 is being done. Each time 
a defective section is found in the header table 20, the 
switch 10 will pause the BIST, update the linked list dy- 
namically so as not to use the defective section in the list, 
and then continue the BIST. As a result, the linked list will 
be updated to exclude the use of the defective sections of 
the header table 20 in storing the linked list. 

[0023] Step 130:Packet buffer BIST. The switch 10 performs a 

BIST on the packet buffer 30. The purpose of the BIST is to 



determine which pages of the pacl<et buffer 30 are defec- 
tive. 

[0024] Step 140:Dynamic Update. The switch 10 dynamically up- 
dates the linl<ed list as Step 130 is being done. Each time 
a defective page is found in the packet buffer 30, the 
switch 10 will pause the BIST, update the linked list dy- 
namically so as not to use the section corresponding to 
the defective page of the packet buffer 30, and then con- 
tinue the BIST. As a result, the linked list will be updated 
to exclude the use of the sections of the header table 20 
corresponding to the defective pages in its linking. 

[0025] Step 150:Finish. The switch 10 now has a healthy linked 
list free of any association with defective memory sec- 
tions. 

[0026] Now take the 8-entry linked list in Fig.l as an example for 
explanatory purpose. After the linked list formation in 
Step 100, a linked list as shown in Fig.l can be estab- 
lished. Then Steps 110 and 120 are performed. If in this 
example a section of the header table 20 corresponding 
to Entry 3 of the linked list is found to be defective, the 
method will then dynamically update the linked list to a 
state as shown in Fig. 4, which illustrates a crossed-out 
Entry 3 and the second pointer field thereof to indicate a 



defective section of tlie lieader table 20. Please note that 
the second pointer field of Entry 2 is accordingly updated 
to point to Entry 4 in order to exclude the use of the de- 
fective section of the header table 20. 

[0027] Later when it comes to Steps 130 and 140, if in this ex- 
ample a page of the packet buffer 30 corresponding to 
Entry 2 of the linked list is found to be defective, the 
method will then dynamically update the linked list to a 
state as shown in Fig. 5, which further illustrates a 
crossed-out Page 2 in the first pointer field and the sec- 
ond pointer field thereof to indicate a defective page of 
the packet buffer 30. Please note that the second pointer 
field of Entry 1 is accordingly updated to point to Entry 4 
in order to exclude the use of the defective page of the 
header table 30. As a result in Step 150, the switch 10 will 
have a healthy linked list free of any association with de- 
fective memory sections as shown in Fig. 5. 

[0028] Please note, that the BIST and associated dynamic updat- 
ing of the packet buffer 30 can take place before the BIST 
and associated dynamic updating of the header table 20 if 
so desired. That is, the order of the steps illustrated in the 
flowchart of Fig. 3 is not meant to serve as limitation. Also 
note that the number of the entries in the linked list as il- 



lustrated in the aforementioned description and figures is 
presented only for example and is not meant to limit. 

[0029] Please refer to Fig. 6. Fig. 6 is a flowchart of the method 
employed by the electronic device 10 in Fig. 2 when test 
result memory 40 is present according to another embod- 
iment of the present invention. 

[0030] Step 200:Header table BIST. The switch 10 performs a BIST 
on the header table 20. The purpose of the BIST is to de- 
termine which sections of the header table 20 are defec- 
tive. 

[0031] Step 210:Record the results. The results from the header 
table BIST are recorded into the test result memory 40. 
These results will later be used to determine how to form 
the linked list. 

[0032] Step 220:Packet buffer BIST. The switch 10 performs a 

BIST on the packet buffer 30. The purpose of the BIST is to 
determine which pages of the packet buffer 30 are defec- 
tive. 

[0033] Step 230:Record the results. The results from the header 
table BIST are recorded into the test result memory 40. 
These results will later be used to determine how to form 
the linked list. 

[0034] Step 240:Linked List Formation. Using the results stored 



in the test result memory 40, the switch 10 is able to 
avoid the use of defective sections and pages when form- 
ing a linked list. 
[0035] Step 250:Finish. The switch 10 now has a healthy linked 
list free of any association with defective memory sec- 
tions. 

[0036] Jo contrast the methods presented in Fig. 3 and Fig. 6, the 
method in Fig. 3 forms a linked list first and later updates 
the linked list dynamically according to BIST results. On 
the other hand, the method in Fig. 6 first records all the 
BIST results and then forms the linked list according to 
the recorded BIST results. The method in Fig. 6 may be im- 
plemented so that the hardware is simpler but with a 
smaller number of tolerable defective pages. In contrast, 
the method in Fig. 3 may tolerate an arbitrary number of 
defective pages, while the hardware complexity is higher. 

[0037] Please note that for both processes in Fig. 3 and Fig. 6, the 
BIST on either memory is not limited to being run only 
once but can be run as many times as desired before 
moving on to the next step. Also, please note, that the 
present invention does not limit the BIST to having to be 
run on both the header table 20 and the packet buffer 30. 
A designer can choose to have the BIST run only on one of 



the memories and still be within the spirit of the inven- 
tion. 

[0038] Please also note that the linked list in Fig.l and the asso- 
ciated header table 20 thereof according to another em- 
bodiment of the present invention may even comprise an 
additional third pointer field and corresponding memory 
sections, respectively, for storing pointers in a reversed 
fashion as those in the second pointer field. By doing so, 
the linked list in this embodiment has a bi-directional 
characteristic. Since the present invention method of em- 
ploying defective memory can be implemented in such a 
bi-directional linked list in a manner similar to what has 
been disclosed in the aforementioned written descriptions 
and drawings, further explanations are hereby omitted. 

[0039] As one can see, the present invention allows manufactur- 
ers to use memory with defective sections for implement- 
ing the function of a linked list. Furthermore, the linked 
list of the present invention is not affected by defective 
sections present in the memories associated with the 
linked list. As a result, manufacturers will be able to in- 
crease the yield of usable chips each time they fabricate 
memory, leading to increased productivity and lowered 
costs. 



[0040] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, that above disclosure should be construed as lim- 
ited only by the metes and bounds of the appended 
claims. 



